Paternal depressive symptoms are associated with children's emotional and behavioural 29 problems, which may be mediated by negative parenting. But there is no research on the influence of paternal 30 depressive symptoms on children's emotion regulation and limited literature investigating fathers' parenting as a 31 mediator in the pathway between paternal depressive symptoms and children's externalising and internalising 32 problems. We aimed to investigate the mediating role of father-child conflict (at 3 years) in the association 33 between postnatal paternal depressive symptoms (at 9-months) and children's emotional and behavioural (at 7 34 years) (aim 1). We also examined whether mediation pathways were more pronounced for boys or for girls (aim 35 2).
Introduction
psychopathology at 3 and 7 years old in the UK Avon Longitudinal Study of Parents and Children (ALSPAC) Goodman, 2004 , Gutierrez-Galve et al., 2015 , Hanington et al., 2012 , Hanington et al., 2010 higher father-child conflict at 3 years old would mediate the association between higher paternal depressive 152 symptoms at 9-months old and children's increased behavioural-emotional outcomes at 7 years. We expected 153 that child gender would moderate this mediation, but did not expect a specific direction given the mixed Ireland, Wales, and Scotland). Full details of the survey, objectives, content of survey and sampling strategy can 166 be found in the documentation attached to the data deposited with the UK Data Archive and elsewhere (Hansen, 167 2014, Plewis and Ketende, 2006) . MCS had informed consent from participants and ethical approval (Hansen, 168 2012). Our work was a secondary analysis of anonymised data that is publically available on the website 169 (http://discover.ukdataservice.ac.uk/series/) requiring no direct contact with the individual participants, so 170 further ethical approval was not required.
172
The first wave (S1) of data was collected from 2001-2002 on 18,533 families, with a total of 18,819 infants aged 173 between 9-11 months. The same sample were then invited to follow-up with 15,590 families in the second wave The MCS collected data from main respondents (usually mothers) and partner respondents (fathers, step fathers, insufficient numbers. A small sample of twins and triplets were excluded to avoid the need to include an extra 182 level of analysis that would have accounted for intra-family variability. Thus, only one child per family (the first 183 cohort member) was studied. See Rutter's 9-item Malaise Inventory (S1 -9 months old) was used as an indicator for depressive symptoms in S1 191 completed by fathers (Dex and Joshi, 2004, Rutter et al., 1970) . This is the shortened version of the Rutter's 24-
192
item Malaise Inventory self-completion questionnaire measuring psychological distress (Bartley et al., 2004 , 193 Johnson, 2012 , Rutter et al., 1970 . The 9-item short form included items "feel tired most of the time", "feel 194 miserable or depressed", "worried about things", "often get into a violent rang", "suddenly become scared for no 195 good reason", "easily upset or irritated", "constantly keyed up and jittery", "every little thing gets on nerves and 196 wears you out", and "heart race like mad". Scores from these were summed to create a continuous scale. This 197 scale has been used in previous studies as an indicator of depressive symptoms (Kiernan and Huerta, 2008, 5-point Likert scale (ranging from 1=definitely does not apply to 5= definitely applies). All items were summed angry/resistant after discipline", "dealing with my child drains my energy", "when child wakes up in bad mood, suddenly" and "child is sneaky or manipulative with me". This scale has been used by other studies as an indicated higher conflict in relationship. Fathers' reports are comparable to mothers' reports and have been 217 validated against observational data on parent-child interactions which has shown conflict ratings on the CPRS 218 to correlate with observational coding of hostility (Driscoll and Pianta, 2011) . The scale had adequate internal 219 consistency (α=0.73).
221
Child behavioural and emotional problem
222
The Strengths and Difficulties Questionnaire (SDQ; (Goodman, 2001) ) completed by mothers was used to 223 assess child emotional and behavioural problems (S4, 7 years old). The SDQ is validated for children aged 3-16 224 years old and was developed as a clinical tool to identify psychopathology. There are 25 items in total consisting 225 of five continuous subscales: emotional symptoms, conduct problems, hyperactivity, peer problems and 226 prosocial behaviour. The scores for each subscale range between 0-10. All sub-scales were used in the analysis.
227
Higher scores indicate greater problems on the emotional, conduct, hyperactivity, and peer problems, whereas 228 higher scores on the prosocial scale indicated more prosocial behaviour. The internal consistencies from the 229 MCS were: conduct problems α= 0.55, emotional problems α=0.68, hyperactivity α= 0.78, peer problems 230 α=0.59 and prosocial α=0.71. These are similar to internal consistencies reported in other studies using non-231 clinical samples of children (Muris et al., 2003 , Niclasen et al., 2012 . The scale has also been reported to have 232 sufficient validity against diagnostics of DSM-IV disorders (specificity=96%, sensitivity=49%) (Goodman, The MCS team selected items from the Child Social Behaviour Questionnaire (CSBQ) (Hogan et al., 1992, cooperate with others. The self-regulation and the reverse of emotion dysregulation scales were significantly 241 correlated (r=0.32, p<0.001) and were summed to create an emotion regulation scale for the analysis. The 242 cooperation subscale was not used because it does not belong to the emotion regulation construct. Higher scores 243 on the emotion regulation scale indicated more adaptive emotion regulation. The internal consistency of the 244 scale was α= 0.72. This scale devised by the MCS team has been used in other studies to measure emotion 245 regulation (Flouri et al., 2014) .
247
Family context covariates 248 Maternal depressive symptoms (S1-9 month) were measured using the Rutter Malaise Inventory as above (Dex 249 and Joshi, 2004 , Johnson, 2012 , Rutter et al., 1970 . Children's temperament (S1-9 months) was measured with 250 mothers' reports on the Carey Infant Temperament Scale (Carey and McDevitt, 1978) . Fourteen items from the 251 original scale were selected by the MCS team to measure regularity (4 items), approach withdrawal (3 items), 252 adaptability (2 items) and mood (5 items), and has also been used in other studies as an indicator of child 253 temperament Malmberg, 2012, Kiernan and Huerta, 2008) . Items were on a 5-point scale (almost 254 never, rarely, usually does not, often, almost always). All scores were on a continuous scale ranging from (14 -255 70) consisting of the total score of all items. Higher scores indicated easier infant temperament and lower scores 256 indicated more difficult temperament. The internal consistency of the scale was α=0.66. Marital conflict (S1-9 257 months) was measured using the modified version of the Golombok Rust Inventory of Relationship State (Rust 258 et al., 1990) . The original 28-item questionnaire had high content validity and reliability of Cronbach's alpha = 259 0.91 (men) and 0.87 (women). The MCS selected seven items at S1 and S2, and three items at S4 (Johnson, 
264
Households were classed as living in poverty if their income was equal to or less than 60% of the median (Ketende and Joshi, 2008) . Paternal education was reported by fathers and was categorised into two groups: no
Results

297
Descriptive statistics Table 1 shows descriptive statistics for the study main measures (exposure, mediator and outcomes). Logistic 299 regression analyses were used to test for gender differences. Compared to boys, girls had lower odds of conflict 300 with their fathers (OR: 0.99, 95% CI: 0.98-0.98, p=0.011), conduct problems (OR: 0.84, 95% CI: 0.80-0.87, 301 p=<0.001), hyperactivity (OR: 0.85, 95% CI: 0.83-0.88, p=<0.001), and peer problems (OR: 0.92, 95% CI: 302 0.89-0.96, p=<0.001), but higher odds of prosocial problems (OR: 1.25, 95% CI: 1.21-1.30, p=<0.001) and 303 adaptive emotion regulation (OR: 1.54, 95% CI: 1.41-1.68, p=<0.001). There was no significant associations 304 between child gender and fathers depressive symptoms (OR: 0.98, 95% CI: 0.95-1.01, p=1.135) or child 305 emotional problems (OR: 1.03, 95% CI: 0.99-1.07, p=0.100).
307
The predictor (paternal depressive symptoms), mediator (father-child conflict) and outcomes (child emotional 308 and behavioural problems) were significantly correlated, a necessary requirement for mediation to occur (Table   309 2 
315
Attrition and missingness 316 Attrition (i.e. fathers who did not take part in Sweeps 2 (3 years) and 4 (7 years)), and missingness (i.e fathers 317 who did not provide complete answers to survey questions) were associated with low socio-demographic factors 318 (Table 3) . Fathers had a higher odds of dropping out by both follow-up sweeps if they were below the 60% 319 median of the poverty indicator (S2 -OR: 3.14, 95% CI: 2.63-3.74, p=<0.001; S4 -OR: 2.31, 95% CI:1.96-2.72, 320 p=<0.001) and had lower odds if they were educated (S2 -OR: 0.45 , 95% CI: 0.35-0.50, p=<0.001; S4 -OR: 321 0.63, 95% CI:0.53-0.75, p=<0.001). Fathers with higher depressive symptoms also had higher odds of dropping 322 out (S2 -OR: 1.08, 95% CI: 1.06-1.11, p=<0.001; S4 -OR: 1.07, 95% CI: 1.04-1.10, p=<0.001).
Table 4 (Model 1) shows that after adjusting for relevant covariates (maternal depressive symptoms, child 333 temperament, marital conflict, child gender and family SES), higher father-child conflict mediated the 334 association between high paternal depressive symptoms at 9-months and children's increased conduct problems, 335 and emotion dysregulation at age 7 years old. The estimated total effects of paternal depressive symptoms on 336 children's emotional, hyperactivity, prosocial behaviour and peer problems were not significant and therefore 337 were not taken forward into model 2. The sensitivity analysis using imputed data replicated the findings in the main analysis in that all effects 366 remained significant. In fact, significant findings increased in the main analysis model 1 (see online 367 supplementary table 3). Therefore, this suggests that we have underestimated the effects of paternal depressive 368 symptoms on children's emotional and behavioural problems via father-child conflict; therefore further analysis 369 was not undertaken using the imputed datasets on models 2, 3 and 4. 370 371 372
Discussion
373
As hypothesised, higher paternal depressive symptoms at 9 months were significantly associated with children's 374 emotion regulation at 7 years old, via higher father-child conflict when children were 3 years old. Thus, 375 depressive symptoms in fathers may influence their mood. Therefore these fathers may struggle with conflict 376 resolution with their toddlers and this negative interaction may later impact on their children's emotional 377 development during early school years. These findings extend previous studies investigating the association 378 between paternal depressive symptoms, fathers' parenting and children's emotional and behavioural problems 379 (Dette-Hagenmeyer and Reichle, 2014 , Giallo et al., 2014b , Kane and Garber, 2009 , Malmberg and Flouri, 380 2011 , Ramchandani et al., 2005 , Ramchandani et al., 2008b and add to literature by using longitudinal data 381 from key time points. This study is also the first to our knowledge that has investigated the association between 382 paternal depressive symptoms and children's emotion regulation. Our findings also extend the literature by 383 adding that father-child conflict may mediate this association path. Furthermore, we found that gender had an problems in sons of fathers suffering from depression. Our findings that boys with poorer emotion regulation likelihood of depressed fathers being less motivated to participate and therefore might have resulted in small effect sizes. A smaller scale study consisting of a clinical sample of depressed fathers may yield larger effect et al., 2006) , the findings from large cohort studies such as the MCS offers useful insight into the possible 451 associations in this field of limited literature (Fagan, 2014 , Niarchou et al., 2015 . These findings, if replicated 452 with a clinical population, could suggest targets for development of clinical interventions.
454
We also assumed causal direction due to the data originating at different time points across the child's life. We 455 are assuming linear relationships when in fact the interrelationships between parental mental health, parenting 456 and children's development is likely to be complex and these factors may amplify and feedback on each other.
457
Therefore, our findings need to be replicated experimentally to draw firm conclusion about causal direction.
458
This could only be done in by using treatment trials for paternal depression which provide an opportunity to see 459 if father-child conflict and child emotional/behavioural problems are reduced among fathers who respond 460 compared to those who do not respond to treatment.
462
Finally, we acknowledge that there are more statistically advance techniques for testing mediation using Cross-These techniques account for autoregressive controls, reverse causality and trends (slopes and intercepts) 465 between associations (Cole and Maxwell, 2003 , Maxwell and Cole, 2007 , Maxwell et al., 2011 . These methods 466 have been used to investigate moderation and mediation in maternal depression, mothers' parenting and 467 children's behavioural outcomes (Beauchaine et al., 2005 , Belsky et al., 2007 , Eisenberg et al., 2005 . However, 468 these statistical techniques require all variables to be available at all time-points (Selig and Preacher, 2009 ), 469 which was not the case in the MCS, restricting the analysis method we could utilise. Specifically with regards to 470 our research question, it would be important to investigate family context factors that may change over time 471 such as maternal and paternal depressive symptoms. Thus, future research work could expand the statistical 472 analysis of this paper by using longitudinal multivariate analysis with more statistically advanced techniques to 473 build on the findings of this paper once appropriate samples are available.
Despite some of the limitations, the findings of this study add to theoretical understanding of indirect effects of
